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ionic adducts. Generally, trifluoroacetophenone-type derivatives have proven
useful for such purposes, and optical as well as electrochemical carbonate
sensors based on this novel recognition chemistry have been developed.

The use of metal ion-ligand complexes as well as organonietallic spe-
cies to achieve guest-host-type recognition has also received considerable
attention for the selective binding of both anions and neutral species, in-
cluding gases. For example, there is evidence suggesting that dibasic phos-
phate interacts selectively with certain dibenzyltin dichloride structures, and
nitrite can bind specifically as an axial ligand to the central Co(III) ion of
vitamin B12 structures. These interactions have been used to devise sensors
for these anions, although the exact chemistry involved is not yet fully
understood. In preliminary studies, metalloporphyrins and metallophmallo-
cyanines with varying metal ion centers [e.g., Mn(III), In(III), Co(II/III),
and Sn(IV)] and peripheral structures have also proven useful for achieving
some chemical recognition of anions and gases. Here, the nature of the
metal center and the exact three-dimensional structure of the surrounding
porphine or phthallocyanine ligand can control the degree of binding of
anions and gases (for example, O2) as axial ligand to the metal. So-called
picket fence-type porphyrins are structures in which the nearly planar metal-
porphine ring is at the bottom of a pocket formed by large organic mol-
ecules attached in one direction from this planar base structure. While
certain Co(II) and Fe(II) picket fence porphyrins can bind oxygen gas
reversibly, possibilities also exist for incorporating hydrogen binding sites
within the appended picket fence chains so that the binding of larger neu-
tral and anionic species can be stabilized within the pockets of these struc-
tures.

The use of large organic structures containing three-dimensional chemi-
cal recognition pockets is not limited to porphyrin-type molecules. Indeed,
various cyclodextrins exist in which the orientation of the repeating carbo-
hydrate structure forms a hydrophobic inner core that can interact selec-
tively with hydrophobic chemical analytes of appropriate size (benzene,
pyrene, phenols, and others). Similar principles of recognition by size
exclusion or inclusion can be achieved with certain polymeric structures,
particularly when target chemical species are present during the polymer-
ization process (for example, polypyrrole). In such cases, called molecular
imprinting, the target ionic or neutral species can act as a template to dictate
the final three-dimensional structure of the resultant polymeric film, thereby
creating a polymeric material with a preferential interaction or permeability
toward the target species.

The committee recognizes that the design and synthesis of molecules or
structures that exhibit useful chemical recognition properties is extremely
difficult, with a high risk of failure. Advanced molecular modeling meth-
ods are beginning to be applied to this area, but preliminary results are